Background: Post-traumatic stress disorder (PTSD) is a serious psychological condition, which can develop both from physically experiencing and also from witnessing traumatic events. There is evidence that physical exercise can have a positive impact on the symptoms of PTSD. Relevant to this, in our previous pre-clinical work, beneficial effects of treadmill exercise were reported on PTSD-like behaviors in a social defeat paradigm, a rat model of direct physical trauma. However, the role of exercise on vicariously acquired PTSD-like phenotype was not examined. Objective: In this study, we utilized a rodent PTSD model, which mimics both the physical as well as the witness experience of trauma, and examined the impact of moderate treadmill exercise in mitigating vicariously acquired PTSD-like behaviors in rats. Methods: Our PTSD model is a modified social defeat paradigm, which involves aggressive encounters between a large Long-Evans male rat (resident) and a smaller Sprague-Dawley male rat (intruder), resulting in intruder social defeat. The cage mate of the intruder is positioned to witness intruder defeat. Rats were grouped as control (CON), social defeat (SD), exercise (EX), trauma witness (TW), and exercise prior to trauma witness (EX-TW). After acclimatization for 7 days, the exercised groups were subjected to a daily 30-min treadmill exercise regimen for 14 days. On day 21, the SD group was exposed for 7 days of social defeat, while the TW groups witnessed social defeat. On days 28-34, behavioral and cognitive tests including short-term (STM) and long-term (LTM) memory function, anxiety-and depression-like behaviors were conducted. Results: TW and SD rats demonstrated the highest levels of anxiety-and depression-like behaviors, while EX-TW rats did not exhibit anxiety-and depression-like behaviors. TW and SD rats showed no impairments in STM. However, TW and SD rats showed impairments in LTM, and exercise rescued LTM impairments in EX-TW rats. Conclusions: This study demonstrates that rats subjected to direct experience or witness of social defeat exhibited PTSD-like behaviors, while moderate treadmill exercise prevented trauma witness-induced behavioral impairments. These studies have important translational value suggesting that prior treadmill exercise might provide resilience to stressful stimuli and perhaps mitigate the witnessing effects of traumatic events.
Introduction
Post-traumatic stress disorder (PTSD) is a maladaptive and common psychiatric disorder developed upon exposure to traumatic events. PTSD patients exhibit a broad range of symptoms including hyperarousal, intrusive memories, anxiety, depression and poor cognition (Patki et al., 2013) . Interestingly, PTSD can be triggered not only in people who personally experience traumatic events, but also in those who witness it (Zimering et al., 2006) . For example, a child who repeatedly witnesses physical and emotional abuse of a parent or sibling can develop PTSD (Lehmann, 1997). The Diagnostic and Statistical Manual of Mental Disorders has recognized that learning of or witnessing traumatic events experienced by friends or family can contribute to PTSD (A. American Psychiatric and D.S.M.T. Force, 2013) . PTSD remains very difficult to treat. Currently, selective serotonin reuptake inhibitors (SSRIs) are the treatment of choice (Schoenfeld et al., 2004) . However, their use is controversial due to their frequently reported side effects and poor patient compliance (Penn and Tracy, 2012) . Other non-pharmacological interventions, including physical exercise, are attractive side-effect free approaches. Low-to-moderate intensity exercise reportedly elevates mood, reduces anxiety (Shamus and Cohen, 2009) and acts as an overall stress-buffer (Tsatsoulis and
